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Igprder to make clear the relation oz two loci (H; and Hy) to the E~antigen
phase variation, effects of phase difference on the H-antiger transduction in

Salmonella diphasic strains were observed.

Materials and Methods.

Three Salmonella diphasic strains, Sal. abony SW-803 (F1a*, brenx), Sal
heidelbersg VASW—-1092 (Ma-, r:1,2) and Sal., typhimurium T™-2 (F1a¥, 1:1,2), were used
in this experiment.

Preoparation—of The transducing lysate from each phase of these strains was

M follows. Phase 1 and phase 2 colonies were pick“%p from the EME-lactose
plate cultures of the diphesic strains, and were in]oculated into penassay broth,
After 10 hours incubation, 2 drops of each culture was injoculated into 10 ml of

(ca. 0. 002 ml)

new penassay broth cultures with 1 small,floopfulef lysate as evocator of phage.
At the same time cultures w! th%zlt lysate were prepared ac foihtreis., They were
incubated 2 hours, and put into’ 60°C water bath for 45 minutes to kill the bacterial
cells., After that, th%:were centrifuged and the supernntes were shakei#t with
chloroform and kept in refrig'»rator. Contrecls were not killed by heat but were
streﬁi on EMB-lactose platesand nomogeneity of phase in each’tcultures was confirmed
by m the antigen typeiabout 20 colonies in each.

r:‘QR/ec:l ient cell cult ’ f h ed foll The culture

pient ce cultyres of each phase were prepar as ows,

of mixed phase was streaked on EMB-lactose plate. 10 colonies were pick up from it
into penassay culture, and were kept in refrigerator after 6 hours of culture.

W w +
"— 0.5 ml of each cultnrek were mixed with’equa]l volume of lysate obtained from Fla -



strains and brushed on mo,kility-gelatine—agar media (MGA), and the antigen types
of the developed swarms were tested. Homogeneous culltures for phase 1 or phase 2
were cEfEFed from them, and original storglcultures of them were used as reciplent
cell cultures.

For transduction experimenqg;lysate was mixed with penassay broth recipient
cell cnlture in eqwxy('volume, and brushed on MGA (in case of Fla'-x Fla™) or MGA
supplementedkantiserum for the antigens of recipient cell (in case of Flat-x F1a+).
The swarms developed as a result of transduction were pick up onto EMB-lactose agar
media and their antigen types were tested by slide agglutination .pest. The antigen
type of alternative phase was tested with the successive penassay subcultures of

colonies or, when 1% ie still monophasic, after selecting by the HMGA containing

antiserum for the expressed crtigen.

Experimental Resnlts.

The first experiment was doneAtrggg;ng the lysate of each phase of Sal.
abony (SW-803, Fla*, bienx) to the cells of each phase of Sel. heidelberg (S¥-1092,
Fla™, r:1,2). Fla® was used as selective narker. The results obtained were
summarized in Table 1.

The phase of recipient cell after transduction is just same as the phase
of that before transduction, The few exceptions whern phase 2 was recipient may be
attributed to the contamination of phase 1 cell by the phase variation in the
culture of phase 2. The transduced type of phase 1 appeared in every combinations
by the frequencies from 51 t& 86 %, on the other hand the transduced type of phase 2

did not appear in any combinations. These results indicate that:

(1). Phase 1 (Hl) is transduced linked to "Fla" regardless the phases of donor

and recipient.
(2). Phase 2 (HZ) is not transduced linked to "Fla".



(3). The phase of transduced cells are exclusively determined by the phase of

recipient cell,
From (1) and (3), it is deduced further that, in the cell which shows phase 2, I
is exist but is inhibited its action by some factor. On the mechanism of inhibition,
two alternative hypothesis are presented.

I). Bre phase is determined by the cytoplasmic condition or some factor involved

in cytoplasm,

I1). H, suppresses the action of Hy, and H, is expressed only when H, mutates

to inactive allele (h,). Accordingly phase 1 has Hyh,, whereas phase 2 has HyHy,

and phase variation is caused by the following mutational change: Hy & h, .
From the result obtalned in this experiment, it is impossible to decide which of
these alternatives represents the real phenomens, because E,-transduced type cannot
be screened in this experiment. The difference of two alternative phenomena may
become clear when diphasic culture is transduced by the lysate of each phase and
selected by the antiserum for H1 and Hzmtigen of recipient strain., In such experiment
both Hy- and Hz-traneduced types are screened, and if I) is correct, transduced cells
show either phase 1 or phase 2 when transduced by phase 1 lysate as well as by phase °
lyeate. On the contraty, if hypothesis II) is correct, transduced cells show only
phase 1 when transduced by phase 1 lysate,and both phase 1 and phase 2 by phase 2
lysate. On these expectations, the cells of Sasl. sbomy (b:enx) was transduced by
the lysate of each phase of Sal. typhimurium T™-~2 (1:1,2), ard transduced types
were screened by the MGA containing anti-i and anti-enx., The result is shown in
Table 2.

Ag can be seen in the table, differential effect of donor phase is very

clear. In case of transduction by the lysate of phase 1, only rhase 1 antigen is

transduced, whereas in cagse of phase 2, both phase 1 and phase 2 were transduced.

This result indicate the 2nd hypothesis II) is preferable to explain the phenomena.



According to the hypothesis II), the ratio of phase l-transduced type and

phase 2-transduced type in the experiment (phase 2 -x mixed phase) is
phase 1 ¢ phase 2 =p ¢ 1

( p indicates the rate of phase 1 celle in recipient culture.)
if efficiencies of transduction do not differ between H1 and Hz. The recipient cell
culture used in this experiment has centained 23 phase 1 cells in 50 tgsted, that 1is,
p=0.46. Consequently, the frequencies of phase l-transduction observea is eather
higher than the expected value from hypothesis II). The canse of this difference is
‘not clear at pressnt. One possible explanation is to suppose the difference of

transducing efficiencies between Hl and Hz.

(* The observed ratio is phase 1 : phase 2 =1 : 1 )

Discussion.

Genetic approach to the mechanism of phasé variation wasrfiritemade by
Dr. Stocker (1949). He concluded, from the observation of cells of each phase in
the cultures of diphasic strain during the growth, that phase variation is
resulted from mutation and back-mutation of one locus. .Lately, transduction
experiment was applied to the genetic analysis of this phenomena ( Lederberg and
Fdwards, 1953 and Lederberg, 1954 ), and was found out that two phases were trans-
duced separately. This result lead to the assumption that two alternative phases
are controlled by two distinct loci, Hj and H2 each. Present experiment confirms
the result obtained previously by the transduction experiment, and more-over makes
clear the relation between the Stocker's result and the result obtained prAvifpéls
by the transduction experiment, showing the leadership of H, locus for phase
veriation by suppression for Hy and by mutation Hp, & hs

The hypothesis of Hz-leadership also serves. to explain the phenomena of

H-antigen transduction in monophasic strain reported previously. According to the

vresent hypothesis there are 5 possibilities of monophasic condition, that is:
( deapslid L2 and fr to7resporiins Ly )
stabilization of H, (type-1), or hy (type-2), mutation of H) to inactive allele hy
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(type-3), and loss of Hj-locus (type-4) or Hy-locus (type-5). These types are
distinguishable by the transductionﬁggmdiphasic strain to them, as shown in Table 3.
The resulte obtained in the previous experiment on the transduction of monmophasic
strains are explained well pyoviding one of these genotypes to each of monophasic
strains, For example, the behavior of Sal. typhi H-901(d:-) and Sal.paratyphi B
SW-666 (b:-), to which only phase 1 is transduced from diphasic strain and give
phase l-monophasictype, are explained as they have type-5 constitution (Hj-). The
behavior of Sal. paratyphi B CDC-157, which is monophasic (1,2:-) but gives diphasic
strain by the transduction of H2 from diphasic strain as well as phase l-transduced
monophasic strain, are explained as it has type-2 constitution (H hp). Samely,
apparently peculier changes from monophasic to diphasic in Sal. paratyphi B SW-960
(-:1,2) by the transduction of Hy become clear assuming that the strain has type-3
constitution (hlﬂz). snd the ability of phase 2-monophasic strain of Sal. abortus-
equi CDC-26 to transduce Hy to other strain is to its type-1 comstitution (HyH,).
The remained one type, type-i# (-HZ), can be used to explain the behavior of phase 2-
monophasic strain Sal._ paratyphi B SW-959, tc which only phase 2 is transduced from
diphasic strains. Thus all of the 5 monophasic types, expected from present
hypothests, are fcund out in the strains studied since, and in turn monophasic strain
which cannot be included in these types has not been observed yet.

The type specifisity of each phase is not altered by the phase varlation,
that is: the change of H2 to hy fgllg!s the change of the component which controls
the suppressive action for H} setien (accordingly controls the phase veriation)
but doés not follow the change of the component which controls the specificity of
antigen type, described as follows: Hzl’z - h21'2. Whether these two partéaare
regarded as different loci or the part of one gene ore difficult to define, yet
transduction analysis givé?no proof to distinguish them as different loci and the

functions of these two parts are over all complemental, Jjust as complex enzyme can

be active only when apo-enzyme and co-enzyme put together, so it may be convenient



at present to regard them as a genetic unit as a whole.



Table 1.
Transductions between monophasic cultures of diphasic strains.

Sal. sbony (Fla. . bkenx) ~x Sal. heidelberg. (fna B3 1.2)

Phase Phase Antigentypes of Fla ~-transduced cells Ratio of
of of __Unlinked type ] ; Total 1linked
donor . tecipient .r3(1, 2) (r) 1,2 Totael % f’l’Zj Total _ transduction
1 (b)) 1 (r) 121 X 21 i 22 0 22 43 0.51
’ “)‘"'/ ‘ ’ - ,4““‘\“

1 () 2Q,2) o 7.7 1 ‘ 43 50 0.86
. 2(emx) 1(r) 11 o/ 1 30 o 30 u 0.73
2 (enx) 2 (1,2) "1 10 11 1 : 32 50 0.78
Total 33 17 50 5h 80 134184 0,73
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Table 2.

Transductions ﬂfonlmandyﬂgsfnonuhennphattc@bpltnresctbtdtphasic

culture. Sal, typhimurium TM-2 (Fla', 1;12) -x Sal. abony SW=803
(Ra*, beizere 0 0 |
No. of transduc d cell
Donor .Recigient . 17 (4ox D):L.2 Total

TM-2 phese 1  SW-803 19 -0 19

(i) (bienx)
T™-2 phése 2 nH © 14 14 28

(1,2)




Table 3.

Constitutionz of H, and I-I2 locus in monophasic strains

¥o.(type) H~consthtution Phase Type given by transduction of diphasic

" strain SHj 'HAat)

1 B E 2 B/ B>, H) H' Hy-t.d.ed diphasic
2 H b, 1 H‘l' 22 , B Hz,<§1::.:.er; monophasic and
2-%.d.ed diphasic
T M2 RUE .k Bt e
4 - H 2 Hy' Hy4t.d, ed monophasic
5 E - 1 H' Hy~t.d.ed monophasic

t.4.ed=transduced



